Polyomavirus BK (BKV) infects the majority of humans during childhood and subsequently persists in the renourinary tract, with intermittent periods of asymptomatic shedding into urine (8, 17, 24) . Organ-invasive polyomavirus disease is rare and virtually limited to individuals with profound immune dysfunction (17) . The prototypic BKV diseases are polyomavirusassociated nephropathy (PyVAN) affecting 1 to 10% of kidney transplant patients and polyomavirus-associated hemorrhagic cystitis affecting 5 to 15% of allogeneic hematopoietic stem cell transplant recipients (13) . Unfortunately, antiviral drugs with specific activity against polyomavirus replication are lacking. Polyomaviruses encode only a few proteins and utilize many host proteins for replication, including the cellular DNA polymerase. In the circular double-stranded DNA genome of approximately 5 kb, the viral early genes encoding the regulatory proteins large T antigen (LT-ag) and small T antigen (sT-ag) are separated by the noncoding control region (NCCR) from the late genes encoding the capsid proteins VP1, VP2, and VP3, as well as agnoprotein (agno) (32) . Cell culture and biopsy specimen studies indicate that the BKV replication cycle takes approximately 48 to 72 h for completion in renal tubular epithelial cells (1, 21, 33) , where early gene expression starts 12 to 24 h postinfection (hpi), followed by the bidirectional replication of the episomal DNA genome at 36 hpi and late gene expression thereafter (5) . The replication rate is accelerated for BKV variants derived from kidney transplant patients with rearranged NCCR (11, 22) .
The most successful strategy to prevent or treat PyVAN in kidney transplant recipients currently is the reduction of immunosuppression (15, 26) , which is followed by increases of BKV-specific cellular immune responses (4, 6) . Despite promising long-term results in some studies (12) , approximately 10% of patients may experience subsequent acute allograft rejection. Without intervention, progression to premature graft failure and loss is observed in more than 80% of cases (3, 25, 28) . For polyomavirus-associated hemorrhagic cystitis, reducing immunosuppression is perceived as a difficult undertaking, since the pathogenesis entails features of an immune reconstitution disease and often coincides with significant graftversus-host disease requiring immunosuppressive therapy (7, 14) . Some potentially active drugs, like cidofovir (CDV), an acyclic nucleotide phosphonate analogue of deoxycytidine monophosphate (dCMP), have been used sporadically for the treatment of BKV replication (19, 20, 31) . However, since immunosuppression usually is eased simultaneously with the CDV treatment, it remains unclear whether or not the partly favorable outcomes could be attributed to the antipolyomavi-rus activity of the drug or the recovery of polyomavirus-specific immunity.
In vitro studies have shown an effect of CDV on BKV replication in human embryonic lung fibroblast cells (WI-38) (9) and in primary human renal proximal tubular epithelial cells (RPTECs) (1) . In RPTECs, CDV inhibited BKV replication in a dose-dependent manner with a 90% effective concentration (EC 90 ) of 40 g/ml (143 M) (1). The inhibition was mediated at the step of BKV DNA replication but also decreased both host cellular DNA replication and metabolic activity as correlates of nephrotoxicity in vivo. Another caveat of CDV use is that it must be given intravenously, and therefore the patients need to be hospitalized. Recently, a 1-O-hexadecyl-oxypropyl lipid conjugate of CDV (HDP-CDV), denoted CMX001, became available. Unlike CDV, the conjugate seems to be taken up by cells in a manner similar to that of lysophosphatidylcholine followed by the liberation of CDV by phospholipase cleavage and subsequent phosphorylation to the active diphosphate antiviral CDV-PP. Studies of single and repeated dosing in animals and in human volunteers or patients ranging from 0.1 to 4.0 mg/kg of body weight has shown no evidence of significant nephrotoxicity to date (18) . In a previous study, CMX001 was reported to inhibit BKV replication in human fetal fibroblasts, but the mechanistic details were not reported (27) . Here, we report on the effects of CMX001 on BKV replication in RPTECs, which are the primary target of BKV in PyVAN.
MATERIALS AND METHODS

Cells and virus.
Primary human renal proximal tubule epithelial cells (RPTECs) (Lonza) were propagated as described by the manufacturer. No latent BKV could be detected by PCR of intracellular DNA. All experiments were performed with RPTECs at passage 4, along with BKV-Dunlop supernatants and gradient-purified virus from Vero cells. In addition to being among the most authentic cells for in vitro studies of BKV, RPTECs are about 10 times more permissive for BKV than Vero cells.
Infection and CMX001 treatment. Before each experiment, CMX001-060, from here on called CMX001, was freshly dissolved to 1 mg/ml in methanolwater-ammonium hydroxide (50-50-2) and further diluted in RPTEC growth medium. About 50% confluent RPTECs were infected with BKV-Dunlop at a multiplicity of infection (MOI) of 1 for 2 h before removing infectious units by washes and replacing the growth medium with or without CMX001 unless indicated otherwise. Nonconfluent dividing cells were chosen to get high-level BKV replication. The MOI was determined by a modified plaque assay by serial dilution and the seeding of gradient-purified virus or BKV supernatants onto RPTECs. Three days postinfection cells were fixed and stained for agnoprotein or VP1 and the number of infectious virus in the inocula calculated.
Cytotoxicity and cell proliferation assay. The mitochondrial metabolic activity was monitored by the colorimetric WST-1 assay (Roche), measuring the reduction of the tetrazolium salt WST-1 by mitochondrial dehydrogenases. DNA synthesis was quantified by the colorimetric measurement of bromodeoxyuridine (BrdU) incorporation into DNA using the cell proliferation enzyme-linked immunosorbent assay (ELISA) BrdU kits (Roche). The results were analyzed by the Excel XL fit program for curve fitting to determine the EC 90 and the 90% cytotoxic concentration (CC 90 ). The attachment and proliferation of the cells was measured as impedance using E plates and the xCelligence system (Roche). For the RPTECs to attach and proliferate on the E plates, the plates were first coated with fibronectin. The background impedance of the plates then was monitored by the addition of 100 l medium to each well before the plate was connected to the system and checked in the cell culture incubator for proper electrical contacts. Subsequently, a 100-l cell suspension containing the indicated cell numbers was seeded. To determine the effect of BKV infection and CMX001 treatment, about 24 h after seeding 150 l of the medium was replaced with fresh medium with or without purified BKV-Dunlop in the presence or absence of CMX001 (final concentration of 0.31 M). The cells were grown for 96 h, and impedance was measured every 15 min for the first 6 h and then every 30 min. Impedance was expressed as an arbitrary unit called the cell index.
RNA extraction and cDNA synthesis. The expression levels of mRNA was quantified by reverse transcription-quantitative PCR (RT-qPCR) as described previously (1) . At 24, 48, and 72 hpi, cells were lysed and total RNA extracted using the mirVana PARIS kit (Ambion). RNA samples were treated with DNase turbo (Ambion) to remove residual DNA before the RNA quality was checked by agarose gel electrophoresis, and the RNA concentration was determined using the nanodrop method. cDNA was generated from 250 ng RNA per sample using the high-capacity cDNA kit (Applied Biosystems).
DNA extraction. To assay extracellular BKV loads, cell culture supernatants were harvested at 24, 48, and 72 hpi and frozen at Ϫ70°C until automatic extraction by a robot (GenoM-48; Qiagen). For the determination of intracellular BKV loads, cells were washed, trypsinized, and pelleted at 220 ϫ g for 10 min, resuspended in G2 buffer from the MagAttract DNA mini M48 kit (Qiagen), and frozen at Ϫ70°C until extraction with the same robot.
Quantitative PCR for BKV DNA and cellular gene detection. To quantify intracellular or extracellular BKV DNA load, qPCR with primers and probe targeting the LT-ag gene was used (16) . For the normalization of intracellular BKV DNA, each sample was analyzed in parallel by qPCR for the gene for aspartoacylase (ACY) to correct for cellular DNA (1, 29) .
Western blotting. Cells were lysed in cell disruption buffer (mirVana PARIS kit; Ambion) 24, 48, and 72 hpi and stored at Ϫ70°C until separation with SDS-polyacrylamide gel electrophoresis (SDS-PAGE), followed by being blotted onto a polyvinyl difluoride (PVDF) membrane. The detection of BKV and cellular proteins was performed with polyclonal rabbit antiserum directed against LT-ag (1:2,000), VP1 (1:10,000), or agno (1:10,000) (1, 32) , and a monoclonal mouse antibody directed against glyceraldehyde-3-phosphate dehydrogenase (GAPDH; 1:5,000; Ab8245; Abcam) followed by anti-rabbit and anti-mouse infrared dye-labeled secondary antibodies (IR dye 800; Rockland; and Alexa Fluor 680; Invitrogen), both at 1:5,000, before detection and quantification using the Licor Odyssey and the corresponding commercially available software program. The fluorescent signals are considered to be stable with a greater dynamic range than that of enhanced chemiluminescence. In brief, the protein band signals were measured as integrated intensity (pixel/mm 2 ) using the median lane background method with top and bottom segments with a border width of 1. The expression of viral proteins was normalized against the expression of cellular GAPDH protein on the same blot labeled with a different color, whereby the results in untreated cells at each time point were set as 100%.
Immunofluorescence staining, microscopy, and digital image processing. Cells were washed in phosphate-buffered saline (PBS), fixed in 100% methanol for 10 min, and blocked with 3% goat serum in PBS for 30 min, both at room temperature, followed by incubation with primary and secondary antibodies for 30 min at 37°C and at room temperature, respectively. Primary antibodies were monoclonal anti-simian virus 40 (SV40) LT-ag (Pab416; 1:100; Chemicon) and polyclonal rabbit antiserum directed against agno or VP1 (both at 1:1,000). The secondary antibodies were anti-mouse conjugated with Alexa Fluor 568 and anti-rabbit conjugated with Alexa Fluor 488 (1:500; Molecular Probes). Nuclei were labeled with DRAQ5 (Biostatus). Images were collected using a Nikon TE2000 microscope equipped and processed with NIS elements basic research software, version 2.2 (Nikon Corporation).
RESULTS
Determination of CMX001 EC 90 .
To investigate the effect of CMX001 on BKV progeny, increasing concentrations of CMX001 were added 2 hpi, and supernatants were harvested at 72 hpi. We observed that CMX001 reduced the extracellular BKV load in a concentration-dependent manner (Fig. 1a) . Recent results from the mathematical modeling of BKV replication in kidney transplant recipients suggest that a morethan 80% reduction of renal BKV replication must be maintained for up to 10 weeks to observe the clearing of plasma and urine viral loads (10) . We therefore focused on the concentration of CMX001 that reduced the extracellular BKV load by 90%. The CMX001 concentration of 0.31 M consistently provided this level of inhibition ( Fig. 1a) and was used for further characterization. Immunofluorescence staining of BKV-infected RPTECs 72 hpi demonstrated a concentration-dependent decrease in the number and intensity of LT-ag-and agnoexpressing cells (Fig. 1b) . At concentrations as high as 10 M CMX001, no BKV-infected cell was observed, but the total number of cells also was reduced (also see below). We concluded that CMX001 reduced the expression of early and late BKV proteins and the production of extracellular progeny but also seemed to have a concentration-dependent effect on the proliferation of RPTECs. CMX001 and BKV early gene expression. To study the effect of CMX001 at 0.31 M on BKV early gene expression, we compared LT-ag mRNA levels in treated and untreated RPTECS at 24, 48, and 72 hpi by RT-qPCR. The results were normalized to the housekeeping gene huHPRT and are presented as the changes relative to the levels of the untreated sample at 24 hpi. We found no difference in early gene expression at 24 hpi, but reductions of 33 and 64% were seen at 48 and 72 hpi, respectively (Fig. 2a) . Analyzing LT-ag expression by Western blotting and normalization to the constitutively expressed enzyme GAPDH revealed a corresponding result showing little difference at 24 hpi but a 20 to 30% reduction at later time points (Fig. 2b) . The band seen below LT-ag is a cellular protein of unknown origin cross-reacting with the polyclonal rabbit antiserum used. We concluded that CMX001 did not inhibit BKV early protein expression early in the viral life cycle, but it did so later at 48 and 72 hpi. on October 15, 2017 by guest http://aac.asm.org/ CMX001 and BKV genome replication. Since BKV episome replication is known to occur at around 36 hpi (1, 21, 33), we investigated whether the BKV genome replication was affected by CMX001. The intracellular BKV load at 24, 48, and 72 hpi was measured by qPCR and normalized to the cell number using the aspartoacylase (ACY) gene as a cellular reference gene (30) . Compared to results with untreated RPTECs, CMX001 at 0.31 M reduced the intracellular BKV load by 94% at 48 hpi and 91% at 72 hpi (Fig. 2c) . Thus, we could identify a significant inhibitory effect of CMX001 on intracellular BKV genome replication. This step is known to require LT-ag function, which increases viral late gene expression by two synergistic mechanisms, namely, by increasing the DNA templates and thereby the gene dose per cell for late gene transcription and by activating transcription from the late promoter (5).
CMX001 and BKV late gene expression. To study the effect of CMX001 on BKV late gene expression, we compared VP1 and agno mRNA levels in CMX001-treated and untreated RPTECS at 24, 48, and 72 hpi by RT-qPCR. Late mRNA levels were normalized to the housekeeping gene huHPRT and are presented as the changes relative to the untreated sample at 24 hpi. A 93 and 82% reduction was found at 48 and 72 hpi, respectively (Fig. 3a) . By Western blotting, we found a decrease of VP1 of 85 and 96%, respectively, while agno was reduced by 97 and 96% (Fig. 3b) .
To investigate the effects of CMX001 on BKV gene expression at the single-cell level, we performed immunofluorescence for the early LT-ag and the late agno and VP1 at 72 hpi. We found that the number and intensity of nuclear LT-ag signals clearly was reduced, but the decrease was even more pronounced for the late agno and VP1 expression (Fig. 3c) . When immunofluorescence staining was performed at 48 hpi, LT-ag, agno, and VP1 expression was even more affected, indicating a weak increase in BKV protein expression in the treated cells from 48 to 72 hpi (data not shown). Of note, the nuclear VP1 staining in CMX001-treated cells was weak and dispersed and devoid of the strong VP1-stained inclusions characteristic of untreated BKV-infected cells. Immunofluorescence also revealed some refractory cells in the CMX001-treated culture expressing agno at levels comparable to those of untreated cells even with CMX001 concentrations up to 2.5 M (Fig. 1b) . We also noted a decrease in nuclear DNA fluorescence with increasing CMX001 concentrations, suggesting a decrease in total nuclear DNA consisting of BKV and host DNA, which was further addressed by BrdU incorporation (see below). We concluded that CMX001 significantly reduces late protein expression but also inhibits early protein expression at later time points after BKV genome replication had occurred.
Kinetics of CMX001 inhibition. To examine the kinetics of CMX001 inhibition on BKV replication, RPTECs were treated after the 2-h infection for 22, 46, 70, or 94 h, and BKV loads were determined in the supernatants at 96 hpi. At the indicated times, the supernatant was harvested, the cells were washed once, and new complete medium was added. At 96 hpi, BKV loads were measured in the supernatants. As shown, CMX001 treatment at 0.31 M for 22 h was enough to reduce the BKV load at 96 hpi by approximately 90% (Fig. 4a) . Longer exposure times had only a marginal effect. Under these conditions, CDV treatment at 143 M (40 g/ml) (1) for at least 46 h was needed to reduce the extracellular BKV load to this level. To investigate whether or not the observed reductions in BKV load corresponded to a reduced number of infectious units, the supernatant harvested at the different time points were 10-fold diluted and seeded on new RPTECs. Three days postinfection, cells were fixed and immunofluorescence staining with antibodies against LT-ag and agno was performed. The results demonstrated that little infectious virus was detectable after treating cells with CMX001 for only 22 h, while CDV treatment for 70 h was needed to obtain a similar result (Fig. 4b) . Next, we examined if CMX001 pretreatment affected BKV replication. RPTECs were treated for 24 h and washed before and after 2 h of BKV inoculation and also at 24 hpi. We found that pretreatment reduced the extracellular viral load at 72 hpi by more than 99% (Fig. 4c) . Treatment with CMX001 after the 2-h virus inoculation for 24 h also reduced BKV loads at 72 hpi, but not as effectively as pretreatment. These observations were confirmed by immunofluorescence staining, revealing only a few agno-expressing cells in the pretreated wells compared to treatment at 24 hpi or to untreated wells (Fig. 4d) . We concluded that CMX001 has a more rapid and enduring inhibitory effect than CDV and can prevent the completion of the BKV life cycle even if administered for only 24 h before or after BKV infection.
Effects of CMX001 on RPTECs. Phase-contrast microscopy did not reveal any crude signs of impaired host cell viability during the 3-day exposure to CMX001 at 0.31 M, while a certain reduction was seen at concentrations around 10 M. To use more-sensitive assays, we investigated host cell DNA replication and metabolic activity using BrdU incorporation and WST-1 assays in uninfected and infected RPTECs. We found that CMX001 reduced both DNA replication and the metabolic activity of infected RPTECs in a concentration-dependent manner (Fig. 5a ). Of note, CMX001 at 0.31 M, the EC 90 of BKV replication, induced a 25% reduction in BrdU incorporation but no significantly altered metabolic activity. As shown in Fig. 5 , at a CMX001 concentration of 10 M we observed a 50% reduction in WST-1 activity, but BrdU incorporation was reduced by approximately 90%.
To investigate the influence of CMX001 at 0.31 M on the proliferation of uninfected and BKV-infected RPTECs in real time, we measured the impedance in arbitrary cell index units using the xCelligence system. Cells were at two different densities: one that permitted exponential growth up to 72 h (2,000 cells/well, bottom) and one at subconfluency entering confluence within the first 24 h after seeding (12,000 cells/well, top). One day postseeding the medium was replaced, and four conditions were examined: (i) uninfected and untreated, (ii) uninfected but CMX001 treated, (iii) BKV infected but untreated, or (iv) BKV infected and CMX001 treated. The cell index was measured in 30-min intervals up to 96 h. The data showed that BKV infection increased cell proliferation in exponentially growing and in subconfluent cell cultures (Fig. 5b) . In exponentially growing cells, CMX001 reduced the rate of RPTEC proliferation by approximately 25% in uninfected cells and by approximately 35% in BKV-infected cells at 48 h postexposure (72 h after seeding). In subconfluent cells, CMX001 had only a minimal inhibitory effect on infected and uninfected cells alike. We concluded that CMX001 at an EC 90 of 0.31 M had a certain inhibitory effect on RPTEC proliferation that was inversely proportional to cell density but did not appear to be toxic at this concentration.
To determine the selectivity index, we modeled the concentration-dependent effect of CMX001 on the increase in supernatant BKV loads as well as on the BrdU incorporation. The results were fitted to an exponential decay function (see 
DISCUSSION
Antiviral drugs with higher efficacy and specificity are needed to improve current outcomes of BKV-mediated nephropathy after kidney transplantation and hemorrhagic cystitis after allogeneic hematopoietic stem cell transplantation (31) . In this study, we characterized the lipid conjugate 1-Ohexadecyloxypropyl cidofovir (CMX001) regarding the inhibition of BKV replication in human primary proximal tubular epithelial cells. Our results demonstrate that CMX001 at 0.31 M given after infection was sufficient to reduce the extracellular progeny BKV load by 90% at 72 hpi. Our detailed investigation of the BKV life cycle indicated that CMX001 inhibition occurred at the level of BKV genome replication following the initial phase of early gene expression at 24 hpi. Compared to levels for untreated controls, the increase of intracellular BKV genomes was inhibited between 24 and 48 hpi. Moreover, the burst of late gene expression at 48 and 72 hpi was significantly reduced. In untreated cells, late gene expression results from the synergy of the LT-ag-mediated activation of late gene expression and the increased copy number of replicated viral genomes. Interestingly, CMX001 treatment led to the same alteration of nuclear VP1 architecture as that previously described for BKV-infected RPTECs exposed to leflunomide (2). Since both CMX001 and leflunomide impair efficient BKV genome replication, the data suggest that this altered replication architecture is not specific to leflunomide but partly results from slowed-down replication, possibly as a result of low nuclear genome copy numbers and hence reduced VP1 expression. CMX001 was active at about 400-times-lower concentrations than the EC 90 for CDV in the same test system (CDV EC 90 at 40 g/ml, 143 M; CMX001 EC 90 , 0.31 M). The inhibitory activity of CMX001 was more immediate and enduring than that of CDV, requiring an exposure time of only 1 day, compared to 2 to 3 days for an EC 90 of BKV progeny loads at 96 hpi, and it could be conferred by a pretreatment of 24 h prior to infection. This difference in inhibitory kinetics also was apparent in infectious units when seeding diluted supernatants onto new RPTECs and is likely to result from higher intracellular levels of active antiviral following the more-rapid uptake of the lipid conjugate (23) . When CMX001 was added at 24 h before infection, a more-than 99% inhibition in extracellular BKV DNA was found. Taken together, the data indicate a significantly enhanced BKV-inhibitory potency of CMX001 compared to that of the parent compound, CDV.
Randhawa and colleagues reported the increased potency of lipid derivatives of CDV on BKV replication in lung embryonic fibroblasts using the BKV Gardner strain (27) . We have used the BKV-Dunlop strain, which is characterized by a rearranged NCCR and rapid replication kinetics similar to those of highly pathogenic variants found in kidney transplant patients (11, 22) . Given the mechanism of CMX001 inhibition at the level of genome replication, it is no surprise that less well-replicating nonrearranged BKV also are inhibited, as is the polyomavirus JC (our unpublished data). Our previous work on CDV indicated that the inhibitory activity of CDV was closely linked to inhibitory effects of the host cells: CDV EC 90 reduced the proliferation of RPTEC by 30 to 40% according to BrdU incorporation, while the overall metabolic activity was reduced by 20 to 30% (1) . Given the increased potency of CMX001 on BKV replication, it was of considerable interest to monitor effects on the host cells. Our results indicated that the CMX001 EC 90 had only a little effect on the overall metabolic activity of BKV-infected RPTECs and reduced the overall proliferative activity by up to 25%. As reported previously (1), BKV infection by itself increases the metabolic activity of RPTECs over that of uninfected cells and also increases the proliferative activity as measured by BrdU incorporation. Comparing RPTEC proliferation in a novel real-time proliferation assay, the stimulating effect of BKV infection on cell proliferation was clearly demonstrated on exponentially grow- . This effect was less apparent at higher cell densities, suggesting that the specificity of CMX001 on BKV infection increased when confluent cells were infected. It can be envisaged that this feature also contributes to an overall reduced nephrotoxicity, especially when treating focal diseases such as PyVAN. There was no discernible effect of CMX001 at 0.31 M on early gene expression at 24 hpi, but we consistently observed an approximately 25% reduction in LT-ag expression at 48 and 72 hpi, i.e., at a time point after viral genome replication. Since LT-ag is known to activate the proliferative state of the host cell and the recruitment of building blocks for virus replication, it is possible that the CMX001-mediated inhibition of viral genome replication reduced LT-ag expression at 48 hpi due to a limited gene dosage effect and contributed to the slight decrease in the overall proliferative activity of CMX001 at 0.31 M. Higher concentrations of CMX001 of up to 10 M were needed for a 90% inhibition of cell proliferation (see below). CMX001 pretreatment for 24 h also was effective to reduce BKV progeny loads, while more than 48 h were required for CDV. Although the reasons for the more-pronounced effect of CMX001 than that of CDV is not clear, we suspect that more-rapid uptake and/or equilibration with intracellular nucleotide pools may be involved, which might contribute to an effective antiviral state without excessive toxicity. CMX001 was found to inhibit BKV replication in human embryonic lung fibroblasts cells (WI-38), with a more-than 800-fold-increased EC 50 of 0.13 M, whereas 115.1 M was observed for CDV (27) . These results were obtained by determining the intracellular BKV levels of cells harvested 7 days after infection and normalizing values to the host cell load using a housekeeping gene for the CC 50 , and an SI 50 of 113 was indicated. Our results aimed at determining the EC 90 parameters for the 72 h BKV life cycle in RPTECs based on a detailed infection model of polyomavirus-associated nephropathy in kidney transplants, where these parameters have indicated that an EC 90 is needed for the contraction of the virus pool and hence the clearance of viremia and viruria, by 3 and 10 weeks, respectively (10) . Since BrdU incorporation at a CMX001 concentration of 10 M was reduced to approximately 10% of what was found in untreated infected cells as the CC 90 , we could estimate the SI 90 as being 32.3. This SI 90 must be regarded as very favorable for preclinical and clinical studies and extend earlier observations to a clinically relevant host cell model of primary human renal proximal tubular epithelial cells.
Taken together, we conclude that CMX001-like CDV inhibits BKV replication in primary human RPTECs downstream of initial LT-ag expression at the level of viral genome replication. Although polyomavirus replication is dependent on host cell DNA polymerase function, the specificity of CMX001 for BKV replication may result from an enhanced susceptibility of infected cells through their LT-ag-mediated activation and preferential recruitment of the host cell replication machinery to the site of viral genome replication. The lipid modification causes a more-rapid and enduring antiviral effect of CMX001 at an approximately 400-fold-lower concentration than that for CDV and an estimated SI 90 of 28 to 55. Taken together with the oral bioavailability and the lack of nephrotoxicity from CMX001 observed to date in preclinical and clinical studies (18) , our results suggest that the antiviral potential of CMX001 should be further explored in clinical studies of BKV-mediated diseases.
